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An ultraviolet interference-filter spi-ctrophotometcr (UVS) fabricated for aircraft- 
borne use on the DOT Climatic Impact Assessment Program (CLAP) has been suc- 
cessfully tested in a scries of flights on the NASA Convair 990, Galileo II. UV flux 
data and the calculated total o/.one above the flight path arc reported for several of 
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time of a CV-990 underpass. Possible advantages of use of the UVS in the NASA 
Global Atmospheric Sampling Program are discussed. 
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FOREWORD 


The UV Spectrophotometer (UVS) war originally fabricated for 
the 1X3T Climatic Impact AaseKHment Program for which the Project 
Manager was Mr. A. J. Grobecker. The Deputy Program Manager 
was M’-. Samuel C. Coroniti, whose guidance contributed significantly 
to the ovc'rall succesr of our work on that program, as sun.marir-ed 
in the FINAL ClAP Rr.PORT, PANA UVS-7 (December 1975). 

The Coi.vair 990 flight evaluation of the UVS, as reported here, 
was supported by NA.SA-Lewis Research Center through the Office of 
Naval Research. Technical guidance was provided by Mr. Porter J. 
Perkins of LRC, Mr, Louis C. Ilaughney v as Mission Manager for 
these Global Atmospheric Sampling Program (GASP) flights, and the 
in-flight Experimenter was Mr. Daniel C. Briehl. Their effort, and 
that of their associates, is sincerely appreciated. 
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1. INTRODUCTION 


At a result of possible environmental degradation due to 
the SST, the Cliniatic Impact Assessment Program (CLAP) was 
initiated inder DOT sponsorship in 1970. One of the primary 
concern.^ is possible reduction of total ozone, with consequent in- 
creases in biologically important ultraviolet (UV) radiation. The 
results of this program have recently been reported (Ref. 1 I and 
associated Monographs). It was concluded that operation of a flee* 
of about 30 SST's of present design would cause climatic effects 
smaller than (presently) minimally detectable. It was pointed out. 
however, that; 

"If stratospheric vehicles (including subsonic aircraft) beyond 
the year 1980 were fo increase at a high rate, improvements 
over 1974 propulsion technology would be necessary to assure 
that emissions in the stra.osphere would not cause a significant 
disturbance of the environment. " 

Additionally: 

"A continuous atmospheric monitoring and research program 
can further reduce remaining uncertainties, can ascertain 
whether the atmospheric quality is being maintained, and can 
minimize the cost of doing so. " 

One of the recommended actions as a result of the above conclusions 
was; 


"Develop a global monitoring system to ensure that environmental 
protection is being achieved. Continue research (drawing on the 
monitored data) to reduce the uncertainties in the present Itnowl- 
edge of the stratosphere .md improve the methods for estimating 
climatic change and the biologic consequences. " 

The need for such a monitoring system, and the associated 
continuing research, is also indicated by potential ozone reductions 
resulting from high altitude nuclear weapons detonations (Ref. 1. 2), 
intense solar proton events (SPE) (Ref. 1. 3) and chlorofluoromethanes 
(Ref. 1. 4). The first two of these can initiate relatively la-.’ge "local" 
decreases of total ozone. In the case of the SPE this occurs in the polar 
regions, and local decreases of about 16% appear to have been observed 
from the Nimbus satellite BUV (backscattering UV) system during the 
large SPE of August 1972 'Ref. 1. 5). The limited longitudinal and time 
coverage of the satellite system would not have allowed the type detailed 
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btudy of ozono dint rib>it tun following buch rvrnta »U|{f;r»trd by Crutzm 
rt al. (Rrf. I. 6) aa dvairabir for atudy of thr aaaoriatrd atm japhrric 
chemiat ry. 

Prcaontly, the global ozone monitoring ayatem ia expectcfl to 
conbiat haaically of the aatellite BUV ayatem in aaaoriation with tne 
ground network of Dob on inatrument btationa. The aatellite ayatem, 
while global in nature, ia limited by longitudinal reaolution (*^1 S • ZO") 
due to the <^90 minute orbit, and Pittock (Ref. 1. 7) haa auggeated that 
. eatim.itea of the global ozone trend are beriuualy biaaed by the 
distribution of observing stationa. ... ", regarding the ground network. 

Aa part of the CLAP program an extensive tipper atmosphere 
monitoring system was developed (Ref. I. 8) based on use of the high 
altitude WB57F. One of the inatrumenta included in that system was 
an ultraviolet spectrophotometer (U VS) developed by Panametrics, Inc. 
(Ref. 1. 9) and flown successfully on more than 80 miasiona during the 
V mrse of about three years of measurements. The structure of UV 
flux va latitude and longitude was measured in much greater detail 
than had ever been possible before, and by use of the data (in the 
Hartley-Huggins bands) computer-based mathematical techniques 
were developed for deduction of the total ozone above the aircraft. 

In order to provide a cost-efficient platform for continuous 
monitoring of the upper atmosphere, NASA has initiated the Global 
Atmospheric Sampling Program (GASP) (Refs. 1. 10, 1.11) using 
commercial 747 airliners, the Galileo U (CV-990) and the U2. Aa 
presently constituted the package consists basically of in-situ moni- 
tors for atmoB phe ric constituents. We believe that the UVS would 
rr.ake a useful addition to both the 747 and CV-990 instrument packages. 
For purposes of deducing total ozone we believe that the absolute accu- 
racy may be better than that estimated for the BUV (~5%, Refs. 1. 12, 
1.13) with a repeatability of about 2% (which is not limited by the absolute 
accuracy of the NBS traceable UV calibration standard). L'or use on the 
747 program it would be possible to obtain great detail on the geograph- 
ical and time dependent character of t^ ’'^^al ozone, which could serve 
as a basis in itself, and as augument. ‘ iOn for the other total ozone mea- 
surements, for determination of global time dependent variations. If 
placed on the CV-990 many useful experimental measurements could be 
made including, for example, detailed geographical and time distribution 
of effects due to .SPE's or monitoring the flight corridors of any SST's 
making routine landings in the U. S. 

As a consequence, it was our belief (Ref. 1. 14) that the UVS 
should be tried on the CV-990 for possible use in the 747 package, and 



that l> th . hakia for the s^<Jrk rrpurtrd here. Thuk. thi UVS vwak 
kli^htly modified (hakirally the mount in^i to fly on Cialileo II in 
November - Dec ember 197S, and during thik period ten kucresk* 
ful fli(;htk were made from v^hirh UVS data were obtained. Data 
reduttion for several fli^htk of inten-kt was carried out and the 
rekultk are presi-nted in Sc*ction S. 

The UVS hai been dekc ribed in detail in Ref. I. 9, and a sum- 
mary dekcription only is y-ven in Se< tion Z to clarify the following 
dikcukbion of modifications to the in tiiunent, its installation and 
operation on the CV-990. Section 3 is dc-voted to calibration pro- 
cedures and standards used for periodic checks of the UVS spectral 
transfer c ha rac t c-ristic. Info rm.it ion about aircraft performance for 
each flight and corresponding instrument operation are contained in 
Section 4. This is followed by flight data which is analyzed for 3 
pertinent flights in Section S and in Section 6 conclusions are drawn 
for this deployment and possible use of the UVS in the 747 irstrumerl 
package. 
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L. INS IRUMKN r DP:SC I ION 


i.. I Uiiaic UV Sp«*ctrop!»otom«-tcr 

Thr inatrumi'nt waa uri^’inally dcbiKncd to rru.aaurc ult raviul ut 
rafliat in the* range from 200 to 400 nm on board a WH57 aircraft. 
Tlu* baaic inatruinent together with its Teat Conaole is ahown in Fig. 

Z. 1. After minor modific at iona to ita mounting hardware and aome 
.id<litional «-xternal circuitry, the UVS waa flown on board a CV-990 
aitcraft. The modificat iona are deacrib«*d in Section 2. 2 and a block 
<liagram of the UV .Sp»atrophotometer elect ronica ia ahown in Fig. 2. 2. 



Fig. 2. 1. UV Spectrophotometer and Test Conaolc 

The Bun’a tadiation entcra through the UV grade quartz window 
and impujgea on the optical diifuaer. After proper colliination, the 
light beam passes through a UV band-pass filter system and is subse- 
quently converted to an electrical current by a very sensitive, low dark 
current photomultiplier. The output cf the PM is dc coupled to a loga- 
rithmic electrometer with a dynamic range of 5 decades from lO'^^A 
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to 10 A. The rt'sponHe of the ele« tromiter is 1 volt per dec.ide of 
input current range, clamped to a jnaxinuun +5 V output. The filter 
system consists of a rotating filter holder, a .stepping motor and an 
electronic p\ilse driver. The rotating holder accommodates 10 UV 
band-pass filters plus one blank and one calibrate position, or a total 
of 12 positions. The free running pulse driver increments the holder 
via the stepping motor by one position, once <*very second or every 
tc*n seconds, externally selectable. A detailed description of the UV 
filters is given in Ref. 2. 1, while a tabvdation of the central wave- 
length, bandwidth and filter position is given in Table 2. 1. When the 
filter holder is in its blank position, the light transmission is biock<‘d 
so that the fiark curr«-nt of tlu- PM is measur«'d. While the rotating 
holder mov« s into Its calibrate position, a switch closure actuates 
the calibration control. This in turn energizes a light emitting diode 
in such a manm*r as to produce two distinct steps of light <nitput for a 
duration of . 5 si-conds each, or a sc?quencc of voltage calibration steps 
(1 V-2V, etc. ). The calibration light is only turned on during the cal- 
ibration period and cannot interfere witi <^he normal UV measurements 
or the dark current determination. The light output from the LED is 
controlled by two sequentially switched current sources. Ir order to 
obtain a periodic in-flight voltage calibration, the actuation of the light 
source is alt(!rnated with the periodic connection of the output line to a 
sc-ries of voltage levels of 0, 1, 2, 3, 4 and 5 V, This voltage calibra- 
tion allows the UV.S fiata to be corr«*cted for any gain or level shifts 
introduced by th<* data recording-processing equipnnuit. 

For <iiagnostic purposes, five pertinent system parameters arc 
monitored during the operation of the instrument. They are the +5 V 
regulator, the high voltage, the system temperature, the +28 V »'xternal 
power sxipply and the H. V. converter supply current. The high voltage 
monitor yields information about the stability of the H. V. converter, 
whereas the supply current monitor would be useful in determining high 
voltage arcing or corona, if it occurred. The lemaining 3 monitors 
determine wh(>lher or not the system is operating within the specified 
limits of supply voltage ^nd temperature. Of the five monitor signals, 
only the converter supply current is measured continuously while the 
r»*maining voltages arc multiplexed. Sampling time is 1 0 seconds each, 
followed by an 'qual period of the zero-volt reference. All sign-uls are 
clamped to +5 V and are output short-circuit protected. 

Power rc'qviivements for the instrument are 20 W at +28 V for a 
stepping rate of 1/sec and 9 W for a rate of one every 10 seconds. Low 
voltage and high voltage DC/ DC converters supply the necessary regu- 
lated power to the electronics and the photcmultiplier , respectively. 

The stepping motor is fed by the »28 V line directly. 
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Tabl e 2. 1 

UV Spectrophotometer Characteribtics Summary 


Measurement technique: Omnidirectional measurement (up to 75 
from vertical) by a diffuser, movrblc wheel containing band-prss 
filters, and spceial UV photomultiplier Intensity measured up to 
4 orders of magnitude down from the unattenuated solar flux. 
Wheel has 12 positions sampled at 1 position/sec or 1 positior/lO 
sec, externally programmable. 



Central 

Effective 


Waveli-ngth 

Bandwidth 

Position 

nm 

nm 

1 

210 

15 

2 

2f, 

2 

3 

291 

2 

4 

298 

3 

5 

305 

2 

6 

310 

2 

7 

319 

2 

8 

329 

2 

9 

363 

26 

10 

393 

28 


11 Calibration checks 

12 Blank - for photomultiplier dark current 

riieasurement. 

Power Consumption: 20 W at rate of 1 pos. /sec 
(From +28 V) 9 W at rate of 1 pos. / lO sec 


W eight: 1 2 lbs 

Size: 6" diameter x 10” deep cylinder 



The three outputs - UV data, multiplexed monitors and the H. V. 
supply cxirrent monitor - are available at the output connector, while 
the Z8 V power is applied through a separate input connector. Doth 
connectors are located at the bottom of the mstrument housing, which 
is a cylinder of 6” diameter and 10" len,^h. The weight of the instru- 
ment is IZ lbs. It is mounted by means of a morman clamp, which mates 
with the offset movinting flange of the top cover and the adapter plate 
described below. A summary of the basic UV Spectrophotometer char- 
acteristics is given in Table Z. 1 . In order to satisfy environmental and 
njounting requirements of the JV-990 aircraft minor modifications of the 
instrument had to be made. They are described in Section Z. 3. 

Z. Z Signal and Power Interface 

The circuitry and connectors which interface the UVS to periph- 
eral equipment and the aircraft power mains are contained in the test 
console shown in Fig. Z. 1. A single cable connects the UVS to the test 
console via a multipin connector. The three output signals - UV data, 
multiplexed monitors and H. V. supply current monitor - are available 
at the console's front panel. One BNC supplies the UV data while the re- 
maining Z signals are connected to a binding post with a selector switch. 

A built-in 4-1/Z digit DPM facilitates monitoring of the three signals via 
the selector switch. The choice of manual or free running operation of 
the filter wheel, as well as its two sampling rates (1 position/sec or 1 
position/ 10 sec), is also controlled from this console. The +Z8 V power 
for the instrument is supplied by the integral power supply operating 
from the 115 V, (>0 Hz aircraft mains. An analog panel meter measures 
the Z8 V input current as an added check on proper instrument operation. 

To make the test console compatible with the requirements of the CV-990 
aircraft, it had to be slightly modified. These modifications arc discussed 
below. 

Z. 3 Modifications for CV-990 Operation 

The spectrophotometer was originally designed for installation in 
the unpressurized tail section of the high altitude WB57F aircraft. It was 
attached to the inside of the plane's fuselage with the instrument optics 
protruding through the plane's skin. Hence, an unobstructed view angle 
was achieved, making full use of the optical acceptance half-angle of 
approximately 75*^ from the vertical. The severe and changing environ- 
ment encountered on these flights required that the electronics and optics 
were heated and pressurized. This was achieved with an internal tem- 
perature controlled heater and high quality O-ring pressure seals. 
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Th« installation of the instrument on Galileo II differs in two 
aspects from that of the WB57F: (1) the photometer is located inside 

the pressurized and temperature controlled main cabin, and (2) the 
opties view through a 1" thick quartz window, which is integral to 
the a.'rplane, and mounted in the ceiling. For these two reasons the 
desigr had to be modified as far as temperature control and mounting 
was concerned. 

The 20 W of power dissipated by the electronics gives rise to 
a temperature increase inside the housing of 15°C at ambient room 
temperature. This corresponds to a 5% gain change of the photo- 
multiplier and at least a fourfold increase of its dark current relative 
to its performance at the design center temperature of +20°C. These 
deviations were considered unacceptable in view of the desired overall 
system' s accuracy over the spectrum range 280-400 nm. It was there- 
foi e decided to cool the instrument with thermoelectric coolers. 

Four Cambion thermoelectric modules (TEM) are mounted on 
the circumference of the housing. Each module has a heat pumping 
capacity of max 5 \V for a 20°C temperature differential (AT) between 
the cold and hot side of the module. Thus, a total of 20 W at a AT of 
20°C can be removed frem the housing. Since it is desirable to main- 
tain the instrument at or below -f20°C, the hot side of each module must 
not exceed +40°C, This is achieved by attaching a heat sink to each 
TEM and forced air-cooled by means of a blower. Laboratory tests 
confirmed that this arrangement is adequate to control the photometer 
temperature at +20 C with ambient te nperatures up to +26°C. Figure 
2. 3 shows the mounting arrangement of the TEM's and heat sinks on 
the outer surface of the housing. Power for the TEM's is derived from 
a specially designed dc power supply. It is a variable voltage source 
with a maximum current capability of 3. 5 A. The current delivered 
to the 4 TEM's in series is monitored with an analog panel meter. The 
second modification involves the inounti ig configuration of the UV spec- 
trophotometer. It's niounting flange is mated to an adapter plate by 
means of a morman clamp. This plate in turn is rigidly attached to a 
1/4" thick aluminum base with four standoffs. Figure 2. 4 shows the 
completed assembly together with the blower mentioned above. 

The interface console described above is modified to be com- 
patible with the on-board data acquisition systems. This involved the 
simple addition of three triaxial connectors +o the front panel of the 
console. Two of the outputs (multiplexed monitors and H. V. current 
monitor) interface with the Airborne Digital Data Acquisition System 
(ADDAS), while the UV data output connects to the analog data tape 
recorder. The console itself is adapted with special hardware for 
rack mounting. 
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Fin. UV Sprct rophotom (>t rr with Th<*rmorlpctric 

CooltTh and Aflaptrr l^latr Attachrd. 



Fin. Z. i. Mountinn ('onf ini>T‘i‘tii>ri of UV'S for Galilro II 
(CV-‘I‘)0) Aircraft In.stallation. 


Z. 4 lubtallatiun 


The UV Spcctrophotom*‘tcr systi-ni which was installed on 
Galileo II (NASA CV-990) consists of the modified UVS, the inter- 
face console, the dc s\>pply for the TKM's, and a two channel strip 
chart recorder. F'igure 2. shows a g«-neral layout of the cabin in 
•-•hich the syst«’m was installed. More detailed inform.ilion abovit 
this aircraft is given in Ref. 2. 2. Figure 2. 6 shows the console, 
dc supply and the recordei mounted in the i-quipmi-nt r.ick on board 
tile plane ludwec-n stations 465 and 492. Pow«-r for this «quipmi*nt is 
from the 115 V, 60 l\z aircraft converter. The console (bottom of 
picture) supplies regulated t28 V power to the UVS and interfaces 
the 5 output signals with the on-board «lata acquisition system, as 
well as with the strip chart recorder (cent«*r). Manual control of 
the 2 filter wheel sampling rates (1 pos. /sec or 1 pos. / lO sec) is 
accomplished with a toggle switch on the front panel of this console. 

The recorder has two analog channels which record the real time UV 
data and the multiplexed monitor signals, respectively. Although 
this seems to be a redundant recording system, it serves two pur- 
poses: (1) it is a real time monitor of instrument performance, and 
(2) it is used as quick-look data to determine the usefulness and time 
frame of measured UV fluxes. From this information the digi al 
printout can be referenced and those parts selected which are of 
particular interest and are within the constraints of the UVS :h.ir- 
acteristicB. The top of Fig. 2. 6 shows the dc power supply and 
controls for the thermoelectric modules. 

The UVS, mounted to its base plate (see Fig. 2. 4), was in- 
stalled at the second /.enith port, located between stations 508 and 
527 of the aircraft. The port is equipped with a 1" thick UV grade 
quartz plate. A detailed view of this port is shown in Fig. 2. 7. The 
safety window shown here was removed, however, for tliis applica- 
tion. The base plate is bolted to 4 hard points of the airframe struc- 
ture, leaving a space of approximately 1/8" between the base and the 
window frame. To eliminate light and air leaks, this space was sealed 
with foam rubber. The necessary air flow for the cooling of the TEM's 
is supplied by the normal cabin air-conditioning system through several 
small ducts, located just below the inner surface of the window. The 
blower, which is mounted in an opening of the base plate, circulates 
this conditioned air past the heat sinks of the TEM's and expels it into 
the caViin. This air circulation kept the heat sink temperature below 
t40 C (see Section 2. 2) and at the same time prevented condensation 
of water vapor on the quartz plate. Visual inspection of possible con- 
densation problems is facilitated through a viewing port in the UVS 
base plate. Since the optics of the UVS had to clear the inner surface 
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Fig. 2. 5. General Cabin Layout of Galileo II 
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Fi;{. i. U. Rack- mounted Support Equipment for UVS on 
Galileo 11 (CV-990), 


1 3 






of thfi|uart/. plato hy at I«‘a»t \ ! t" , the '•nal ac i i-pt am.- e anf>Ir 

of the iribt rumt-nt (75 ) is i-c-iluced to 6M by the /■.enith po,-t Hiim nHionR. 

A further r«-cjuction of the angle to 59° by meanb of a colliiiiator it 
necea^ary to l»lock out reflectiona from the eilgea of tlu-ipiartr. plate 
and ita supporting frame. Thia ia substantially below the desired 75 
half-angle and, aa noted in Section 5, made it impe^hible to vi«-w the 
ilireet sun d>iring signific.int portions of aeveral flights. 

2.5 .Syst ein Operation 

The ayatem ia i iilirely lontrollefl from the etjuipment rai k and 
requires a r. minimum of ma iiit « n.mr e .ifter inatallation. 

After all »*quipment power ia turni-<l on the two rhanm-la of the 
atrip chart recortler arc refer«-nced to ground with the inputs ahorted 
out. The gain of the channels and the chart speed are aet and fixed to 
convenient values. The UVS is aet for the desired automatic sampling 
mode of its filter whc-el, and the sampling rate is selected. The fl’ght 
missions of the UV.S on Oalileo II were such that it was logical to select 
a rate of 1 position/10 sec. The ..upply c urrent for the* thermoelectric 
coolers is manually adjusted with the control knob of this power supply 
according to the ititernal temperature nionitor of the UVS. This monitor 
voltage is available fr<»m the* strip chart record at any time. Ri-sidts 
from all flights indicate that very few adjustments of the? 1 KM cur rent 
hacl to be made to maintain a stable tempe-rature inside the UVS housing. 

During c-ach flight the rontinnocisly recordccl UV data and monitor 
voltages are periodically checkcul to assure proper system op» ration. 

In achlition, the /.enith window is rhecked for water vapor coewh-nsation 
through the viewing port provie'e-d in the base plate of the UVS ass< mbly. 
During the last few flights a problem with the it rip chart recortler de- 
veloped. It showed c'xccssivc drift in both channc-ls due to worn parts 
in the p*-n positioning sc*rvo. However, no loss of data occurred, since* 
all signals are also recorded by the on-board data acquisition system. 

The only periodic maintenance reqvured for the UVS is a photo- 
metric calibration and a dry nitrogen flush before a flight series. The 
calibration procedure is described in Section 1. The dry nitrogen flush 
assures extremely low water vapor concentr.ct ion inside the* pre-ssurc- 
tight housing. In addition, a cartridge of clrierite material is inserted 
i!ito the air volume of the instrument. The latter is intended to absorb 
any residual moisture which might be c-vaporatc*d as a result of adsorp- 
tion on potting compounds or wiring insxilation. This precaution prc*vc*nts 
water condensation on the optical surfaces, espc-cially the protective en- 
trance window of the UVS, which is c’xposed to the ambient cabin air of 
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pohhilily lowrr 1 1 mpcratnri'f^h.-in ihjit of thr irikidc* of thr in»t ruimnt. 
nri .iuito «>f tht* prckkurr nfi'IcH rortktruition of the innt rurTH ttt * (^ni • 
film- nitrogen flukh in effort Ivr for .ipproxiinat ely 4 weekn. 

3. IN.sTRtlMKNF CAUMRA I ION 

The UV Ppi 1 1 ropImtoimtiT (UVS) is t al il) rat i*ri with a Standard 
of Spertral Irra»lianre (SSI) )>i for«’ aiui after eai h ni rich of fli^Mits. 

The SSI ib a ZOO W liin};hten halon< n lamp with a quart/. i r.v< lope, and 
itb c alibration in trac cable to the National l*ureau of .Stan 'ardn. Si' e 
the urattcTiuat ed bolar »pectrnin diffc ra .slightly in shape- from the .S'- 
bpc.-c. t rvim, a hinall correction in made to the- .S.Si calibration to provirie 
a calibration for the bolar t>pectnun. More di-tailn about the calibra* 
lion procc-durc arc- (>lvc-n in Rc-fc. 1.9 and 2. 1 . In j;c-neral, it han bc-i-n 
fcHind that the calibration bhiftn only a few pc-rcent over »c vi-ral nuenthn, 
no the SSI accuracy of nevcral percc-nt in not comproinin ed. 

The UV.S caliliration for the GASP fliyhtb in Nov. - Dec. 1975 in 
yivc-n in Table 1. I. Thin c alibraticcn un' » the vfdtaj'e output of the 
lo(;arithmic am,i' »ier c cuivc-rtc-d to .cn input c urre nt, with 0 V 10*' \\ 
.end 5 V I O'^A. 


Table 3. 1 

UVS Caliliration for GASP Fli>;ht« in Nov. -Dc-c. 1975 


Kilt cr 

Ki’ter 

.Solar spectral 

wavc-Ic-n|>th 

b.and • pa n n 

B ells it ivity 

(nm) 

(''•>■») 

(A / ( W/ (cm^-nn.))) 

393. 0 

26. 4 

3. 423 X 10* ^ 

36 3. 0 

28. 0 

I. 986 X 10'^ 1 

329. 2 

2. 2 

9. 997 X lO'^ 

319. 3 

2. 0 

2. 386 X 1 0*^ 

310. 3 

I. 8 

2. 2f 4 X 10*^ 

305. 3 

2. 0 

3. 528 X 1 0‘" 

297. 8 

3. 0 

7. 73 3 X 1 0*^ 

290. 7 

2. 4 

1. 723 X 10*‘ 

287. 3 

1. 8 

2. 91 1 X 10'^ 

214. 0 

28. 0 

4. 732 





I. DKPl.OYMKNT 


4. I rii(>lit Info rm.it iun 

Tablf 4. I ■ A t ompi < t«- listing i»f .ill fiAhl* (liclitM of 

f'l.ililco II, in<'lli(lin^ tbohr i oiiiliu i for the Tot Pri>|tiilt. ion l.ab- 
or.ilory (.Il’I,) for iTu- porioH N'c^v« in)ii r To l)i * i loTn r I •», 

CoIornnH I ^ lTi<’ fll(;Ti1 iiiiimIh r, !< •■ < riplM n .iixl i!;ilc of lliin 

riij’lit Mri«», r <hp« 1 t iv« ly , u liil •• Col'imn I imlii .«t i-h tin- rrtn>*«’ of 
l.it it iiilc ai (i IoMj;itixl«.' fur € .n Ti iiiisi.ion. Iho UV .‘'p< 1 1 ro|>liot onu f or 
w.ifc on-board anri oporalioiial for iTu- onlir*- ni;;bt rios TTio in • 
atrnmoiit uah att«iidod l>y Paii.imot r i< b por.^omioI during fli^Tit Noh. 
?., 4 and 4. f>urinn all othor niihsionii, in« I'niinj; fho tost lli^;lit on 
Novi-m'ior <!5, l'T75, porbonio'I f/oin NA.SA - 1 .lAvia Rosoarch (3ontt*r 
oporatod the iiibtrununt Mori hbfnlly. 


Table 4. 1 



Summ.iry of Flights on ( 

i ll i1 eo 

II, Nov. 

- Pet 

. 1775 


F“1 ight 

Hate (1 ■I7S) 



R inge 


No. 

Dose r ipt ion 

M out h 

- P.iy 

1 1 ..it. - di 


l.ong 

. -de^. WJ 

1 

I.ot al test 

Nov. 

25 



( 37. 

1 22) 


2 

W to K ('li.ise 

Nov. 

28 


1 37, 

1 22) 

- (»3. 

«3) 

3 

Wallops / 13.1 1 loon 

Dec. 

2 


(28, 

1 

o 

X 

( 39. 

74) 

4 

IPL 

Pec. 

4 


(28, 

SO) - 

(31. 

77) 

5 

( 1 

Per. 

f> 


(28. 

SO) - 

(30. 

79) 

(, 

1 1 

13ec. 

8 


(28. 

HO) - 

(40. 

78) 

7 

1 1 

Pec. 

10 


(28, 

80) - 

(30. 

.90) 

8 

1 1 

Per. 

1 2 


(28, 

1 

C 

X 

( 38. 

77) 

') 

1 1 

Per. 

14 


(28. 

80) 

(31. 

81) 

10 

l| 

Pec. 

15 


(28. 

80) • 

(31 . 

82) 

1 1 

K to W Return 

Pec. 

16 

^ r laj 


( 30. 

82) - (37, 

122) 


Tlie local tcbt flif’bl (No. 1) \sab intended ns an operational 
ilieek of all in.Htrunii-ntntion aboard the aii craft and tlie UVS was only 
turneil on for 2 short periods of time. Its operation proved to be 
satisfai tory , and the instrument was deemed fli};Iit worthy. The flight 
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Nvobt tu (Mbt (No, 1) w.is a th.ibc in the- v^akc* of a United Airlines 

7-I7 f-om Moffel l-'ielfl, ( .iliforni.i to P.TtriLk Air Force Habr fPAKM), 
kM«jric|a. Numl)« r I was a :,t < p jirofile fli(^lit over Wallopa Island, an 
was (.oorilm.il I li with (lie l.uim li of a halloon home *^/.one sonde from 
that island, Allhouj^h fliplits I Ihronj'h 10 w<'r«' mainly eon. hut ed for 
JPL to test \.irioiis radar iipiipment, the UVS w.i-, oper.it ion.al ^hiring 
those mib;>ions .is widl. The return trip fiom the east to the west coast 
eon< ludeil (hib flight series. 

t Ojierat io.nil .Analysis 

As imiitioned ahovc, the performance of the UVS was contin- 
uously monitcjred liy me.'ins of a 2 channel strip chart recorder. Of 
partic iil.ir interc'st as f.ir as the performance within the specifit;d limits 
is concerned are the monitor signals from the ini.t rumc-nt. Figure 4. 1 
shows a typical strip chart record. The bottom trace (with voltage scale, 
on rigid hide) represc-nts the UV flux data, calibration voltages and the 
dark current. The outputs from the tern band-pass filter^ (210 nm - 390 
nm) e .in »l«'arly he identified. The dark curre-nt is nearly 1 de*c.ade below 
the lo';.irithmic (1 V/rleca<le) signal range of the UV flux data. The cali- 
br.ition \oltages, from 0-5 V' in groups of two, are u.*jeful during rlata 
reulue tion to compensate for eirift and gain vari.itions of the recording 
systeTn. The top tiacc (vdth voK.agc sc.ilc on le-P) is the output from the 
inst ruinent' s mult ipl e-xer , and shows the following monitors: low and 
high vejltage DC/ DC cejnverters, instrume-nt t <•! nperratur e and t28 V input 
voltage. The sp.aces between monitors are at groutul level e-xcept for 
one wh'e.h is a synchroni/.ation pulse at -1.2 V. 

The records from flights 1 through 3 show the following: The 
low voltage DC/ DC converter is operating within the sp«*cificd regx’la- 
lion characte-ristics. The H. V. DC/ DC converter indicates that the 
output voltage io sti.irly at 2550 V during all flights. The +28 V input 
voltage remains constant at all times. The internal tempi’ralure holds 
steady witliin 1 C for any particular period when the instrument was 
turned on. Comparing the mean temperature of one period with another 
shows a rlifference of max 4. 5°C, namely, from lf>. 5 to 21 C. This is 
largtdy the result of the ON-OFF operation of the instrujoent during a 
flight, which was chosen to keep the anmunt of data at a level consistent 
with the purpose of these tests: namely, an operational evaluation of 

the instrument. During the OFF period the temperatxire monitor is not 
available, hence no meaningfvil correction of t!»e TEM temperature con- 
troller is afforded. Rased on the measured differential of 4. 5°C between 
ON periods the photomultiplier gain '• U change by less than 1. 5%. Al- 
though a relatively small error, it * ,* be taken into account by the peri- 

odic in-flight gain calibration data. Ths fact that the lowest temperature 
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achi«jvr(l in hi low 20 C lonfiririH thi* drsiriril cli-bign goal for Iho TKM 
lontroll i!r. 

ni'gitminp with flight munhi-r 4 ami for the rest nf Ihe series 
the strip chart recorder developed a severe drift prohlein (see Section 
2. 5). Analysis of these analog recorris is not possihle. However, the 
digital printout of the monitor voltages is not affected hy this prohlein 
and *t i*- I'sed for performance analysis. Kssentiall/ the same results 
arc olitainod from the digital data for the nunaining flights .as were 
observed for the first 3 flights. 

In summary, the UVS performed witliin specifications during 
the entire series. The UV flux data, when not limittfd hy the 59° 
.acceptance half-.angle, are of hi:»h quality. A detailed analysis of 
sidected flights is given in Section 5. 

5. FLIGHT RFSULTS 

5. 1 Data Reduction Procedure 

The data reduction procedure for the UVS was first presented 
in Ri'f. 1.9, and the final, updated version was given in Refs. 5. 1 and 
2. 1. For the present data this procedure must he modified hecause of 
the adflitional collimation necessary to reduce interference from light 
reflected hy the mounting for the quartz window in the aircraft skin 
(see Section 2). This was done hy cutting off the mathematical inte- 
gration for Rayleigh scattered light, ami hy t.a^5ering off the relative 
diffuser efficiency for direct sunlight, at a 59 angle to the UV.S diffuser 
normal. 


The list of flights in Table 4. 1 shows that the UVS d.ata were 
taken north of 28°N latitude. The solar declination in Nov. - Dec. is 
about 22 .S, so the minimum solar zenith angle is about 50° at loc.al 
noon. Tims, much of the UVS data were taken at solar zenith angles 
great err than 59 , where only the Rayleigh scattered component can he 
measured. The analysis procedure still gives a v.ilue for the total ozone 
.above the flight level, hut this value becomes inaccurate at high altitudes 
where most of the Rayleigh scattering takes place in the ozone layer. 

Since the object of tiles e flights was to prove the suitability of 
the UVS for m.aking solar UV and total ozone measur inieiits in the 
CV-990 operational environment, reduction of a sufficic-nt amount of 
ilata to demonstrate this capability is all that was n-quired. Thus, al- 
though the UVS operated properly on all flights, only a few flights have 
had a portion of their data rcfluct'd to .actu.il o/.onc thicknesses. 
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5. 2 WnllopH iHland - Flight 3 


UVS data were obtain«-d from a flight over Wallops Island on 
2 D«-c*'m'jcr 1975, in conjtinction with a balloon launch to mcTsurc 
the vertical ozone profile. The balloon was released at 1904 GMT 
while the CV-990 m^dc overflights at several altitudes. .Since Wallops 
Isliind is at al>out i8°N, the 59 c vitoff angle of the UVS resulted in all 
measurements over Wallops Island being made on only Rayleigh scat- 
tered light. The results are tlms more unec-rtuin than from the norntal 
mode of measurement, but neverth<dess are of ri'asonable qxiality and 
show th.at the UVS was operating properly. 

The results of sevc^ral UVS mea.surem ents are given in Table 
5. 1. The first measurement at 30. 8°N latit-udc was on the flight to 
Wallops Island and is the only measurement made with direct sunlight 
on the UVS diffuser. The two measurements at 40 kft are the least 
accurate, since the; iruthod of analysis (described in Refs. 1.9, 5. 1 
and 2. 1) was designed primarily for direct sunlight and not for the 
weak Rayleigh scatt<?red component at high altitudes. Flux accuracy 
at 393 nm is about 10%, worsening to 1 57o for the 35 kft data and 50% 
for the 40 kft data. Rlanks in Table 5. 1 arc where the ozone has so 
Irongly attenuated the solar flux that the measun nient accuracy is 
worse than 50%. 

The total ozone values calculated from the UVS data of Table 5. 1 
are compared with the iiitt'gratcd balloon profile in Table 5. 2. The 31 
kft and 35 ki't measurements are in excellent agreement, although the 
UVS total ozone has an uncertainty of about 5%. TIic 40 kft measure- 
ments give about 20% less ozone, a deviation to be expected in the Rayleigh 
scattered component. The balloon data show that the ozone layer is pri- 
marily between about CO kft and 100 kft. Since the pressure scale height 
is about 15 kft over the 30 kft to 100 kft altitude range, an important 
fraction of the Rayleigh scattered light originates partially in the ozone 
layer. At large solar zenith angles the ozone attenuation raises the 
effective ozone thickness, tlms producing the effect seen at 40 kft. Mea- 
surements made with direct sunlight become more accurate at high alti- 
tudes, so if the UVS had been mounted flvish with the aircraft skin the 40 
kft measurements of total ozone would have been more accurate. The 
data in Table 5. 2 show, however, that tlie UVS functioned properly and 
gave useful data. 

The UVS total ozone values in Table 5. 2 have been corrected 
for ozone absorption at about -50 C. This is the approximate average 
temperature of the ozone layer as mearured by the balloon. Becaiise 
the UVS measurements were made wit* v.nly Rayleigh scattered light 
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lable 5. 1 


Solar UV Fluxes Measured on the Wallops Inland 



Flight of 2 

Dec emb 

er 1 97 j 




Data 

^IPP- 

Average 

tune of 

measure 

inc-nt (GMT hrs- 

min) 

1604 

1 822 

1 836 

1853 

1 917 

1926 

I. at (deg N) 

^0. 8 

38. 4 

37. 2 

37. 9 

38. 3 

37. 3 

Long (deg W) 

78. 0 

75. 1 

75. 9 

75. 4 

75. 3 

75. 9 

Alt (kft) 

33. 4 

31. 1 

31. 1 

35. 0 

40. 0 

40. 0 

Solar zenith 
angle (deg) 

54. 4 

64. 0 

6 3. 7 

66. 3 

69. 3 

69. 3 

Mc-asured total 
(atm-cm) 

ozone 

0. 197 

0. 312 

0. 31 0 

0. 319 

0. 25C 

1 0.233 


Wavel ength 


2 

Solar flux at X. in W/(cm -nm) 


X (nm) 





( 6 . 27-5 H 6 . 27 

X 10 ) 





393. 0 

6 . 

27-5 

5. 

09-5 

5. 88-5 5. 

97-5 

2. 

76-5 

2. 

82-5 

363. 0 

5. 

55-5 

3. 

85-5 

4. 34-5 4. 

53-5 

2. 

37-5 

2. 

32-5 

329. 2 

5. 

50-5 

2. 

99-5 

3.41-5 3. 

28-5 

2. 

04-5 

2. 

01-5 

319. 3 

2. 

76-5 

1 . 

31-5 

1.52-5 1. 

47-5 

8 . 

19-6 

8 . 

75-6 

310. 3 

1 . 

32-5 

3. 

98-6 

4.67-6 4. 

19-6 

2. 

32-6 

2. 

48-6 

305. 3 

5. 

41-6 

1 . 

14-6 

1.38-6 1. 

13-6 

6 . 

29-7 

6 . 

83-7 

297. 8 

3. 

00-6 


- 

- 

- 


- 


- 

290. 7 

1 . 

86-6 



_ 

_ 






This is the total (direct + Rayleigh sc'.ttcred) downward flux. 
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Tabic 5. 2 


Compaiison of U v S and Balloon Total Ozone M caBurcincntB 
at Wallops Island, 2 December 1975 


GMT 

(hrs -min) 

Alt 

(kft) 

Solar zenith 
angle (deg) 

UVS ozone 
(atm-cm) 

Integrat«;d balloon | 
ozone (atm-cm) 

fVVS 
y Dal 

1822 

31. 1 

64. 0 

0. 31 2 

0. 312 

1. 000 

1836 

31. 1 

6 3. 7 

0. 310 

0. 312 

0. 994 

1853 

35. 0 

66. 3 

0. 319 

0. 307 

1. 039 

1917 

40. 0 

69. 3 

0. 250 

0. 301 

0. 831 

1926 

40. 0 

69. 3 

0. 233 

0. 301 

0. 774 


the excollcn' agreement with the balloon data is partially fortuitous, 
since the UVS total ozone has about a 5% uncertainty at 31 kft and 
35 kft, and at least 20% at 40 kft. 

o 

The one UVS tota’ './one measurement at 30. 8 N latitude gives 
0. 197 atm-cm at 33. 4 kft. The change of about 0. 11 atm-cm total ozone 
between 30. 8 N and 38 N is about twice that of the 11 year average distri- 
bution for December (Ref. 5. 2, Fig. 1-13), but is not unreasonable when 
the large daily variations are considered (see, e. g. , Ref. 5. 3). A total 
ozone measurement eight days later gave 0. 260 atm-cm at 29. 6°N lati- 
tude, more in agreement with the 11 year average for November (see 
next section). The Wallops Island flight data show the suitability of the 
UVS for CV-990 solar UV measurements, and verify the accuracy of the 
total ozone values derived from the UV fluxes. 

5. 3 Other Test Data 

Of the 11 flights listed in Table 4. 1 some UVS data from flights 
2 and 7 have also been reduced to solar UV flux values and total ozone 
above flight level. For flight 2 on 28 November two sets of data have 
been reduced and are given in Table 5. 3, while for flight 7 on 1 0 
December one set of data has been reduced and is also given in Table 5. 3. 

The flux values for 2018 GMT on 28 November have an uncertainty 
of at least 25%, because the solar zenith angle of 60 is very close to the 
59 collimator cutoff. The total ozone value is still accurate to 5%, 
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Table 5. 3 


Solar UV Fluxes M«>asurcd on the Flights of 
28 November and 10 D«‘cember 1975 


Parameter 


28 November 

10 December 

Time (GMT hrs-min) 


201 8 

2129 

1723 

Lat (deg N) 


38. 3 

39. 9 

29. 6 

Long (deg W) 


1 19. 5 

111.2 

81. 2 

Alt (Kft) 


29. 1 

37. 0 

32. 9 

Solar /.enith 
angle (deg) 


60. 0 

68. 9 

52. 4 

Measured total ozone 
(aim -cm) 


0. 300 

0. 231 

0. 260 

Wavelt ngth 
K (nm) 


.Solar flux at \ in W/(cm 
(8. 23-5 - 8. 23 X 1 o’ 

2-nm)^‘ 

393. 0 

8. 

23-5 

4. 37-5 

6. 71 -5 

36 3. 0 

6. 

43-5 

3. 38-5 

5. 74-5 

329. 2 

5. 

46-5 

2. 96-5 

5. 47-5 

319. 3 

2. 

53-5 

1. 31-5 

2. 69-5 

310. 3 

8. 

-7-6 

3. 80-6 

1. 08-5 

305. 3 

2. 

42-6 

1.12-6 

3. 96-6 

297. 8 

2. 

03-6 

- 

2. 71-6 

290. 7 

1. 

52-7 

• 

1. 67-7 


' This is the total (direct + Rayleigh scattered) downward flux. 
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howcv«.T, since it is elctcrmincH from flux ratios. The value of 0. 100 
itm-cm is in good agreement with the 11 year average for November 
(Ref. 5.2, Fig. 1-12). The data for 21 29 (IMT give more accurate 
flux values at the longer wavelengths (10% for X > 319 nin), but since 
only Rayleigh scattered light is detected and the altitude is 37 kft the 
total o/.one is an \mder estimate (see previous section a more de- 
tailed ' jcussion). 

The 10 I3».cember data for 1723 GMT Pre for a location near 
that of the 1604 GMT data for 2 Decei.iber (Table 5. 1), and the flux and 
total o/.one values are accurate to 10% and 5% except where the o/.one 
attenuation is severe. The total ozone value of 0. 260 atm-ern is close 
to the 1 1 year average for December (Ref. 5. 2, Fig. 1 -1 3). The change 
of about 0. 06 atm-cm from 2 December to 10 December is well within 
normal day-to-day variations observed by others (see, e. g. , Refs. 5. 3 
and 5.4). The 10 December measurement is for a solar zenith angle 
of 52. 4°, and thus is far enough from the 59° collun Lor cutoff to dem- 
onstrate proper operation of the UVS in its normal mode of operation 
with direct sun illiunination of the diffuser. 

The data presented here are only a small amount of the total 
UVS data obtained on the 11 flights listed in Table 4. 1. These data 
have been reduced to flux and total ozone values *^o show proper opera- 
tion of the UVS. Contract limitations do not allow analysis of additional 
data, but a cursory examination of the <Iata shows that the UVS operated 
satisfactorily at all times. The major difficulty in further data analysis 
is the change required in computer programs, already operational, to 
handle more efficiently the format of the analog and inertial data on the 
magnetic tapes from the GASP flights. Once the necessary changes have 
been made, and checked for errors, the analysis of the large amount of 
remaining data would be comparatively straightforward. 

6. CONCLUSIONS 

The CIAP UV Spectrophotometer developed by Panametrics, Inc. 
has been svicccssfully tested during a series of ten GASP flights on the 
Galileo II (CV-990). One of the principal reasons for these tests was to 
evaluate the UVS for possible inchision in the Boeing 747 instrument 
package. Mechanical limitations on the CV-990 installation caused the 
acceptance cone half-angle to be only ~59 , which made it impossible to 
obtain direct solar irradiation of the diffuser during most of the flight 
time. (This is primarily because the flights were made at latitudes of 
30°-40° N near the winter solstice, when the solar declination is about 
22 S. During summer months a much larger amount of data with direct 
solar illumination of the diffuser would be obtained with the UVS in this 
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C V - 990 moxinting configuration, ) At some* tiincB full solar irradiation 
of the diffuser was possible, while at others the view tingle was too 
close to ^>0 to provide gr«‘at confidince in the data. If it had been pos- 
sible to install the instrument with its normal 75 acceptance half-angle, 
much more high quality data could have been obtained. When the sun was 
completely outside the 60 cone it was possible to derive the total ozone 
above the flight path by use of only the Rayleigh- scattered light; at tunes 
of full solar ii radiation the total ozone derivation was made in the usual 
manner. An estunated error of 5% was placed on these values of total 
ozone as a result of the nonopt'mxim optical configuration. We believe 
that this measurement can, ultimately, be made with somewhat greater 
precision - especially (hiring periods of full irradiation - although it 
w U1 be necessary to study the problem in greater depth in order to de- 
termine this limit of precision. 

The total ozone is deduced from the ra tios of the UV intensities 
that are highly attenuated by ozone to those that are not. Hence, it is 
not limited to the accuracy with which the individual UV flux intensities 
can be measured (including the absolute error in the standard of spectral 
irradiance), but, rather, by the accuracy with which relative values of 
the intensities can be measured. As not<!d, we believe that the ozone 
determination can be made to bi'tter than _f 5%, and it could approach 
the 2% upper limit of the accuracy ascribed to the Dobson instrument 
(Ref. 6. 1 , p. 434). If so, these results, when integrated with the Dobson 
network results, would prove of very significant value in measurement 
of quasi-biennial and long-term ozone trends (see Refs. 6. 1 6. 3 for 
presently used approaches and results), I3y providing measurements 
over a series of Dobson stations during a single flight, it also would be 
possible to correlate results of the stations and hence remove ambigu- 
ities that now exist regarding intercalibration (Ref. 6. 1, p. 434) and 
disagreements that occur between stations in close proximity to each 
other (Ref. 6. 2, p. 12), The accuracy of the satellite-borne 13UV 
(backscattcr ultraviolet) system for measurement of total ozone has 
been estimated at 6% (Ref. 6. 1, p. 4 34). Additional important benefits 
would be the detailed total ozone data available for input to models and 
checking the results of model predictions. For example, the predictions 
of profiles over the oceans, where there presently is a lack of observa- 
tions (Ref. 6. 2, p, 10) and determination of the natural horizontal vari- 
ability that is necessary to evaluate the significance of a model's results 
(Ref. 6.2, p. 1). 

The total ozone determination depends on UV flux measurements 
in the 280-400 nm region. During the CV-990 fliglits the flux measured 
at 210 nm was extremely low, as is expected at the flight altitude of the 
CV-990 and the Boeing 747. This measurement was originally included 
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for UBe at the WB57F flight altitude (> 60 kft), and it is still retained 
for balloon flights. Its elimination for the 25-40 kft region flights 
would make it possible to replace the photomultiplier/ H. V. supply 
combination with a sensitive UV photodiode/low voltage combination 
that has recently become available. It was the very low intensity at 
210 nm that made it necessary to use the high sensitivity photomulti- 
plier. This change could necessitate modification of one electronic 
board (the electrometer), but it c«-rtainly will not cause any changes 
in the housing, stepper motor and filter wheel, monitors or other 
signal conditioning electronics. We believe that for long term un- 
attended application on either the 747 or CV-990, greater reliability 
would then result, without compromising the UV flxix measurements 
in the important region (280-400 nm). 

The method of cooling the UVS by means of thermoelectric 
coolers proved adequate, although for use on the 747 it may be pos- 
sible to ol'tain suitable temperature control simply by use of fans. 

This possibility will be enhanced by use of a UV photodiode, since 
it would then be possible to eliminate the high voltage supply that uses 
about 7 watts. Hence a total dissipation of only about 3 watts is all 
that would be required if the filter switclxing rate used is 1 per 10 secs, 
which is adequate for the long-term monitoring applications anticipated. 

As a result of the foregoing we recommend the following course 
of action; 

1) The photomultiplier in the proscuit UVS should be replaced with a 
photodiode (probably of the vacuxim type) and a modified electrom- 
eter board constructed, if necessary. The instrument should be 
calibrated and installed on the CV-990 for at least one test flight. 
The objective is to confirm that the in-flight operating temperature 
is as low as expected and that the required 280-400 nm UV flux 
data are still of high quality. The flight should occur at a time 
when the solar zenith angle is < 50 . Any mechanical or minor 
electrical modifications that may be required to interface the UVS 
for permanent-type installation in the Boeing 747 or CV-990 pack- 
ages should be determined. Methods of reducing and storing the 
data should be investigated, including magnetic type handling and 
modification of the presently existing computer programs. 

2) The photodiode version of the UVS should be constructed and cali- 
brated for the CV-990 and Boeing 747. It would be desirable to 
have one more UVS than the total number of instrument packages. 
This would allow a periodic maintenance and calibration procedure 
to be established without necessitating loss of data. 
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3) AHsistance in the* fifleJ for the initial inatallation and periodic 
inspection shculd be provided by Panametrics personnel. The 
need for sueh in-field assistance should diminish rapidly, but 
perio<lic maintenance and calibration of the UVS instruments 
versus wavelength and solar irradiation angle should continue. 

For this purpose Panametrics maintains complete optical cali- 
bration facilities, including a .Standard of Spectral Irraoiance 
traceable to NI3S and a quartz monochromator-deuterium light 
source combination for testing the interference filters individually. 

4) The total ozone .and UV flux detailed geographical distributions 
should bo reported, and methods of utilizing and integrating the 
results with those of other techniques should be investigated. 

The ultimate accuracy of the total ozone measurements shoiUd 
be determined, and comparisons should be made with Dobson 
network results. Short term effects due to solar proton events 
should then be monitored and correlated with those predicted 
based on measured proton fluxes and atmospheric chemistry 
models. The utility of the total ozone geographical data for 
use as indicators of global or hi-mispher ical trends should be 
investigated, and those data should be integrated into other 
long-term ozone monitoring programs. 


28 



FU:FKRKNCfc:S 


1. 1 A. J. Grohcckcr, S. C. Coroniti and R. H. Cannon, Jr., 

FFo]jort of Findi ngs, The Effects of St ratosph eri c Pol lut ion 

hy Airc raft , Report DOT - TST - 75 -50, (Decernber, 1974). 

1.2 H. Johnston, G. Whitten and J. Rirks, IFffect of Nuc lear Fx- 

ploHMins on Stra tospheric Nitr ic Oxide and O/. onc , J. (h-ophys. 
Res'. *78, 0107-6*135 ri9*7’3*). 

I. 3 I., II, Weeks, R. S. Cui Kay and J. R. Corbin, Ozone Measure - 

ments in the Mesosjjherc during the So lar Proto n Eve nt of 2 Nov . 

1 96 9, J. Atm, Sciences 1138-1142 (1972). 

1.4 S, C. Wofsy, M. H. McElroy and N. D. Sze, Freon Consumption: 
Imp licat ions for At mospheric O z one , Science 1 87 , 535-536 ( 1976). 

1.5 Oz one Alert , Time, pp. 45-16 (February 23, 1976). 

1.6 P. J, Crutzen, I. S. A, Isaksen and G. C. Reid, Sola r Pr o ton 
Events: Stratospher ic Sourc^ of Nitr ic O xide, Science 1 89 , 

45'7- 458 (1975)'. 

1. 7 A. B. l^ittock "Czone Climatology, Trends and the Monitoring 
Problem", in Proceedings of the International Conferenc e on 
Stru ctur e Co n^po sition a nd General Ci rculat ion of the U pp er and 
Lowe r Atmos pheres ajid Pos sible Anth ropo genic J V rturb a tions ^ 
\^1. I (May, 1974)* 

1.8 R. J, Massa, F. Ostherr and R. Penndorf, U. S. Dep artment q£ 

T r ansportation C L AP Atm ospheric Mo nitoring and E xper in^en t s. 
The Pro gram and Res ults , DOT - TST - 75 - 1 06 (June, 1975). 

1.9 B. Sellers, F. A. Hansec, and J. L. llunerwadel. Design, Fab- 
rication an d F lig ht of an Ultraviole t Inter fere ne e - Filt er Spe ct ro - 
^otomeler Almard a WB57 F H igh Altitude Ai rcr aft, Re])t)rt J^ANA- 
UVS-1, Annual Report for Contract No. NOOO 1 4 - 7 3- C -0 3 1 6 
(October 1973). 

1. 10 R. A, Rudeyand P. J. Perkins, Measur ement of 1 ligh-.Mt itud e 
Air Q uality Using A irc raft , AIA V Paper 73-5 17 (June, 1973). 


29 



RKKKRKNCKS (roi.l'd) 


1. II R. St«*i nbr r g, dole o£ _^'£i Monitoring 

Syhtems, Si ienre 180,' 375- 3HO ( 1973). 

1. 12 C. L. Matecr, D. F. Heath and A. J. Krueger, KsHmation of 

Ttital O/.onc from Satellite Me a su rement a of Hack acatte red Ul tra - 
vio let Farth Radiance, J. Atin. Sci. 28 , 1307- 1 31 1 ( 1971). 

1. 13 J. V. Dave and C. L. Mateer, A Preliminar y S tudy on the l^oa- 
£ibility o^^atmiatinjj Total Atm ospher ic O zone from Satellite 
Measorementa, J. Atm, Sci. 24, 414-427 ( 1967). 


1. 14 B. Selltrrs, Letter to Mr. Po-ter Perkins of NASA-1. ewis Reaearch 

Center (May II, 1973). 

2. 1 F. A. Ilanaer, B, Sellers and Jean L, Hunc-rwadel, Design , 

Fa hri c ation and Flight of a UV S p>ectrophotomete r Ab oard _a WB 57F 
H igh Altit ude Aircra ft for the ClAP Flight Serie s, Rtport PANA- 
UVS-7, Summary Report for Contract No, NOOO 1 4 - 7 3- C -0 3 I 6 
(December, 1975). 

2.2 Staff, Airborne Science Office, NA^A CV -9 90 Airbo r ne La l xjrat ory 
Experimenters 1 lanf!lx)ok, interim, supplemental reprint of experi- 
im’nters' handbook for Galileo I (April, 1975). 

5. I F. A. Manser and B. Sellers, Sol ar U V Fl uxes and Ozo ne Over- 
burdens Ob^inc'd /rom UVS Measuremen ts o n the CLA P A ir stream 
Fli ght S crie s of June 197 3, Se ptemb er 1973, No ve mber 197 3, and 
Janu ary 1974 , Report PANA-UVS-4, Annual Rep»>rt for Contract 
No. N00014-73-C-0316 (August, 1974). 

5.2 Mao-Fou Wu, Observation and Analys is of T r ace Constitu ents in 
the St rato sphere, Report No, DOT-TST-74-7 (July 1973). 

5.3 H. U. Putsch, T he Q y.one Di stribu tion in the Atmo sph e re, Can. J. 
Chem. 1491- 1504 ( 197’4]7 

5.4 J. B. Kerr, S hort-Tim e P erio d Fl uctua tions »n tl^e Total 0^ t>ne, 
Pure and Appl. Geophys, 106- 108 , 977-980 (1973). 


30 



KKKKRKNCKS (cont'd) 


6. 1 J. K. AnK‘‘II J. Korshovcr, Qu aBi- lUttu iial and I.on ff- T <• rtn 

t*lur^tuayim^Jn_Total^)j^tmc^ Monthly Wcathrr Rrvitw 

»Y6-4’4 3 (1 ']? J). 

h. 2 R. W. Wilcox, Cj. IX Nabtroin and A. I). Mclniont, Pt- riodic 

An alytiiB of Total Qy.o n c atwl Its Vertica l Dibt rilnit ion , fJR-1 37747 
(Aug. 1975). 

6. 3 J. London and J. Kelley, Cllobal Tren ds in Total Ati uob pheric 

Qy.onc , Science HM, 9H7 - 9M9 ( 1 974). 


31 



